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© Orally admlnlatrable opioid formulations having extended duration of effect 

&) Sustained release oral solid dosage forms of opioid analgesics are provided as multiparticulate systems 
sustained release form. The substrates have a diameter from about 0.1 mm to about 3 mm. 
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BACKGROUND OF THE INVENTION 

The oresent invention relates to bioavailable sustained-release pharmaceutical formulations of analgesic 
drugs .n'XropWd analgesics, which provide an extended duration of effect when orally adm,r, 

iSte known in the pharmaceutical art to prepare compositions which provide for controlled (slow) release 
o, ImkZS ST substances contained in the compositions after oral administration to uman 
f 9 „l»u Su?h slow release compositions are used to delay absorption of a med.cament until .t has 
^hTclin ^rl« *e a. men£y tract. Such sustained-release of a medicament in the alimentary 
desired concentration of said medicament in the blood stream for a .onger duration 

an Thrprt C a7teaching of the preparation and use of compositions providing the sustained-release of an 

active substance In the gastrointestinal fluids does not. by itself, insure bioavailab.l.ty. 

m ordTto be absort)ed the active drug substance must be in solution. The time required for a grven 
proponC f an^subl^trom a unS dosage form is determined as the * 

teSS^S^ time for pharmaceutical compositions, and these test procedures are descnbed ,n 

° ma JZTZeZe^y diverse factors which influence the dissolution of drug substance from its 
carrie Te Suton TJ determined for a pharmacologically active ■^^JV^ 
^position is relatively constant and reproducible. Among the different factors aH rtq I the . <ta»M on 
Z aTtiTe surface area of the drug substance presented to the dissolution sofcent medium, the pH of the 

tH2£E^ • ««ue absorption site of the gastrointestinal tract is influenced by he Donnan 
50 osmSc equTium JoSs on both sides of the membrane since the direction of the dr,v Ing force js the 
Sln J^etween the concentrations of active substance on either side of the membrane. I.e.. the amount 
HZZZZ !TS rJ£o ntSna, fluids and the amount present in the Wood. Since the blood levels are 
consSy belngCi^ by dilution, circulatory changes, tissue storage, metabolic conversion and 
™S y i, ^ flow of active materials Is directed from the gastrointestinal tract ,nto the blood 
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55 ^'.withstanding the diverse factors Influencing both dissolution and absorption of a drug substance a 
Notwunstanoingjio u j dissolution time determined for a dosage form 
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ft. m* ****** ^.aBI dwctortefe fer ■a.ad.rafe. 
Mhri .. ,00 Wm to 800 ml Wtor ^^'i^'^^iS?*. 2 h»« 

Once-a-day orally aamimsiraow au»oy administered opioid formulations commer- 

commercially available. However. ^ ^X^oin^w^ 12 hour.. Btamples ol 

5 daily available which provide an extended duration of effect. ^> B™^™™^ hydroxide, extended- 
commercially available «nce-a-day dosage o^ ex . 
release capsules, available fro j" extended-release 
tended-release capsules. /vateble from ,J! S end ^rXse tablets available from Carnrick). 
capsules, available from Searle). TheoX* ^^^^^nio-Sw^ (theophylline, extended- 

fete f J, ^rPuZ ^dS ^u£25 ZThyLe extended.re.ease tab.ets. available from 

Spanule* (dextroamphetamine. «^* re *"'2J^^ ^awe from SmithWine Bee- 

pazine* Spanule* (prochlorperazine maleate. extended-release capsules, »™ Betachron* (pro- 

dimetrazlne tartrate, extended-release capsules, av ^ e f ^^^^ 

dimetrazine tartrate, extended-release "g^T^ ESST^Si (phendimetrazine tartrate, 
extended-release capsules, ava abte from ^^^2 ^ecelles phendimetrazine tartrate. 
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h mora nreferablv of about 24 hours or more, which formulation is 
effect greater than 12 hours, and more preferably, 
bioavailable as well. 

nmPCTS AND SUMMARY OF THE INVENTION 

lt „ accordin9ly m Cect of -~raZ^^ in ^ 
dosage form of an opioid ^'V't^ P rodUCtS ^ £7 

e^a^^^ 

administrable dosage form of an ^f^ 2 TZs Z^ dosage form is bioavailabU, 
time greater than 12 hours, preferably for at least 2 < "™ * 8 nt from the further read,ng of he 

£ accordance with the above objects ls JK to the surprising discovery that ,n 

specification and of the appended clams. J e P res ^™ slCi « is ne cessary to do so via a sustamed 
o^er to provide a 24 hour dosage ^ rt "*S2EI * related to the surprising discovery that 
multiparticulate system. More particularly the presen JJJJT ^ contain ing opioid analges.cs 

multiparticulate system. sus tained-release oral analgesic dosage form for 

More particularly, the P^.r^J^SL Jf a plurality of inert pharmaceutically acceptabe 
once-a-day administration, compnsmg a unit ^ ^^^ effective amount of an op.o,d 
substrates. The unit dose of K**^*™^ * dTameter froJn about 0.1 mm to about 3 nm 
analgesic or a salt thereof. Each of said subsidies n a^g a ^ for ^ ^ abQUt 24 

ir:arr:tsi- — a hard 9e,atin capsu,e 

preferred embodiments of the present inven«o, each of the substrates has a diameter from 

about 0.5 mm to about 2 mm (narrower range). sustained-release opioid analgesic dosage form 

The present invention is further related o a ^anab^^a ^ ^ a 

for once a-day oral administration, composing amount of an opioid analgesic or a 

fr0 m about 0.1 mm to about 3 mm comprising an effective amount of a 

salt thereof. The beads further compnse a su**™™*** °; e acrv , ic p0 |ymer such as copolymers of 
Sdrophobic material selected from the group ™^«®2Z* commonly used retardant 

methacrylic acid; (P) « •^^^^5^'^ as ^^"^ M f °d 

analgesic dosage form for once-a-day ^ .^^Z^ZZ form, each of which substrates having a 

el i „n» dosage fom.. as comparcd to the ™" e "™ Uni J d ^ W8S FDA . 

by SovrnmenB. Hjoul.tonr » * as th. extent to .Wch the 

ho.«.moreprel..»blylor^24h™^«Wr ^ ^ 

jzz. srs; rii -'=r- ~ p «i—- — - 
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«» have . - — » ' — — ' ~ " — ' " " - 

"""•n. *™ -unit <■»■ is -Wd for purposos of *. P««» •»«*»- » toBI """"" 01 SU " S '"' < ' S 

The sustained-release substrates of the ^ se ™^°!: a ^ eous med i U m" is defined for purposes of 

fluid. 



J0 BRIEF DESCRIPT ION OF THE DRAWING 
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ncTAiLEO DESCRIPTION 

Tne m,«particu.ate systems of the present ^^5^ — 2 
as opioid analgesics. Opioid ™'° es *^^ buUorphine. butorphanoi. 

alfentanil. aiiylprodlne. alphaprodme ^^eTwwito, dezocine. diampromide. dihydrocodeine. 
clonitazene. codeine, cyclazocine -f^^^^MuL^. dioxaphetyl butyrate, dipipanone. 
dihydromorphine. dimenoxadol. ^J 6 ^^^^ etonitazene fentanyl. heroin, 

eptazocine. ethoheptazlne. **^eXW* ™™™J*2Z^™. levallorphan, ievorphanol. 
hydr<xodone. hydromorphone^^^ metopon( mQ ^ nB< 

ievophenacylmorphan. MM. ^Zne ^o^. normethadone. nalorphine, normorphine, 

ists/antagonists. mu-antagonist combinations, and the like , morp hlne. codeine, hydromor- 

,n certain preferred embodiments the op,o.d a " a ^^^ or mixtures thereof. 

phone, hydrocodone. oxycodone. d JJ™^^ <°rm of the present invention 

■n one preferred embodiment the ^T^^jZtx ° n an amount from about 4 to about 64 mg 

includes hydromorphone as the ^^J^S^^o^ molar equivalent amounts of 

hydromorphone hydrochloride. '"■""■TjJ^^ preferred embodiments where the 

other nydromorphone salte or of m^^^^ 

opioid analgesic Is other than e - ^ d0S J when ^ oploid ana i g esic comprises morphine, 

a substantially equivalent therapeutic eWe ^^^ P ^^ on jnclud e form about 5 mg to about BOO mg 
t. sustained-release oral dosage «^ SpSTS^*-". *• sustained-release oral dosage 

morphine, by weight. When the op,o.d ™^?Z*%%^ mg oxycodone, 
forms of the present invention Include from ^^^X^erally achieve and maintain therapeutic 
The sustained-release dosage form of the -P^-jJ? ^ degre e of concurrent side effects, 
iavels substantially without slgn.fican ^ assSed w?th high blood levels of opioid 

such as nausea, vomiting or 

analgesics. There is also evdence to, suggest that the use oi jn . p ^ rab|y 

risk of drug addiction. Furthermore, the r^^^Z ™™ pH 1.6 and 7.2. In other 
release the opioid analgesic at a rate hat '» "^^^ p , r i: tipon oral administration, 
words, the dosage forms of the present to provide for an increased 

,n the present invention, the oral opio,d analgesics ^J*J" t forrmjlations . al comparable daily 
duration of analgesic action allowing 0 7^ f| ^ a 2ffl a lower incidence in severity of 

sr i^rrrrsa^" « - - — - 

may not act synergistic^ djclofen P ac naproxen> benox . 

drugs include non-steroida. ant-nflammatory ^^^^ piroprolen . carprofen, oxaprozin. 

SSJSE^^ acid ' fluprofen ' buc,oxic acid ' 
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m efenam fc ^ addition* drugs which may be included in 

inciude acetaminophen, aspirin, and other non-opioid anai g es,s. 
SrlvamZ if a second (non-opioid) drug is included in the formulation, such drug may be included m 
JS£ Z^ ior^X^eJa^ form. The additional drug may be incorporated into he 
Ini «H retai maSx along with the opioid; incorporated into the controlled release coating; .ncorporated 
T^^cSS^S^^m or mediate release ,ayer; or may be incorporated as a powder. 

> * ttt „ in a nfiiatin caDSule with the substrates of the present invention. 
^STIJE^^ - *e present invention may be used in conjunction with any 

muiicS system such as beads, spheroids, microspheres, seeds, pellets, exchange res,n bead . 

mSti oart^u ate systems in order to obtain a desired sustained-release of the therapeutically 
ale ^ or peHet, etc.. prepared in accordance with the present .nvention 

beads may be from about 8 mesh to about 50 mesh. In certain preferred embedments, the beads are. e.g.. 

P .frl,Z 0 ^f2r S ed embodiments of the present invention, the sustained-release opioid dosage forms 
comorise a pS of sub^raSs omprising the active ingredient, which substrates are coated with a 
sSnS-releas^ .coating The coating formulations of the present invention should be capable of producmg 
TSSS^SZ^ that is smooth and elegant, capable of supporting pigments and other coating 

*T:«7XTa S^Jease of the opioid sufficient to provide an analgesic effect for the 
a JndS iSons Jet forth in the present invention, the substrate comprising the therapeutically active 

sufficient amount of hydrophobic materia, to obtain a we,ght ga* level from 
SI 2 to atL?30 percent, although the overcoat may be greater depending upon the I^JM 
tftt» oartioilar opioid analgesic compound utilized and the desired release rate, among o the th.ngs. 

^oCt which is used for Sie hydrophobic materia, may be any pharmaceutical* acceptable 
solvit nSng wa e r , methanol, ethanol. methylene ch.oride and mixtures thereo .. . preferable 
howler *a? the coatings be based upon aqueous dispersions of the hydrophobic ma tonal. 

T cenS pXed embodiments of the present invention, the hydrophobic polymer compns,ng the 
«JLZ release coating Is a pharmaceutical* acceptable acryfic polymer, .ncludmg but not l.m.ted to 
aS mSSfc acid copolymers, methyl methacrylate copoiymers, ^^^^ 
S methTcry.ateT aminoa.kyrmethacry.ate copolymer, po.y<acry.ic acid), poly(methacryhc ac,d). 
* Z^vlc add alkvlamide copolymer, polyfmethyl methacrylate). polymethacrylate. polyac^lam de. 
35 S2f Poly(m y e«hacry. to acid anhydride), and glycidy. methacrylate 

Trunin preferred embodiments, the acrylic polymer Is comprised of one or more ammorto 
memacMate copolymers. Ammonio methacrylate copolymers are well known in the art and are descnbed 
„ rST^C^n^ copolymers of acrylic and methacrylic acid esters w,th a low content of 

qU To7e ^ST^SSr-m. the acrylic coating is an acrylic resin lacquers used in the form of an 
aaulTdisitfon such as that which is commercially arable from Rohm Pharma under the Tradename 
'SSSTSL Preferred embodiments, the acrylic coating comprises a 
<s facauers commercially available from Rohm Pharma under the Tradenames Eudragit* RL 30 D and 
S^Tw^S 30 "respectively . Eudragit* RL 30 D and Eudragit* RS 30 D are copolymers of acryl.c and 
IS^J^^S" cogent « ^ternary ammonium groups, the molar ratio of groups 
tote regain neutral (meth)acrylic esters being 1:20 in Eudragif RL SO D and ^"Ju^^ 30 
,u " y . . ^ nht ic ahout 150 000 The code designations RL (high permeability) and Rb (low 

*™aS) S^T^P^Si oTJese agents' Eudragit* RURS mixtures are in^uble in 
!Zr!Sh!SlU. fluids. However, coatings formed from the same are swellable and permeable In 

T £l!iSC£ of the present invention may be mixed together in any desired ratio 
in orde formu.ation having a desirable dissolution profile rabto 

c^ui tne skL in the art will recognize that other acrylic polymers may also be used, such as, for 
example, Eudragit® L. 
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autoutt «l mo P-es.nl »-"*» !• • j^** 0 ^IZfota *Tc2S pofcrmw. may be 

smartass* ^,;r 0 - r= 2 ^ssurrr; 

Ate Ixmogenfeatlon to gawM s »^?°° d «!«, »» manufacturing phase. . 

West Point. Pennsylvania. U.S.A.). Tj's p odurt n W^r^ J^L , sebacate ). and stabilizer 
during the manufacturing process. A hot melt « PgT^JS Sh« alkaline solution to obtain 
(oleic acid) is prepared as a homogeneous mixture, which .s then diluted 

an aqueous disperse which canoe applied tf.rect^ |on Qf , 

,„ embodiments of the present invention where ,** coabng compnses ^ £ 
hydrophobic polymer, the inclusion of an '^^^^SZ Hm For example because 

S^To, £ plaSTUI- oT on,, « P^v *— «. «U 

^lucTptS*^^ 0M* — . »*» * •« -» te 

used. Triethyl citrate is especially preferred. invention include citric acid 

Examples o, OfMM '^^^i'TpS -^.P.^ 
cms such as methyl citraw NF XW. wwty » » wacMin, although It is possible thai 

trass ssses rs^s— - — — * -» - 

~»e o'Vy «»yln9 the amount ol plaslicizer relative to hyd.oplu.bK polym.,. by the 

barrier agent, to separate the * er ^"^f J n ™ c ^ m _ rlses hydr0 xypropyl methylcellulose. However. 

" r™ its rz ^ « - - — - 

"hytr^r^C*^ (optlooaT, ma, then be overcoat „>h «*M* 
polymer, prate-ably with ah etteclive amount <^*"- in ^j^, „ „„ ram-Iormer, olastlcizer. 
si The coaling sotuSons ol the pres.™ ^^^^^Sdishnctl*. Colo, may be added 

hydrophobic polymer. 
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Tbe plashed aqueous dispersion of 
comprising the therapeutically active agent by spraying , usng J £ j e , injected from 

art. in a preferred method, a Walter fluid,*, S^cp^er coating is sprayed on. A 

underneath, fluidizes the core material ^f^^dU^S^ olxJn a predetermined sustained- 
sufficient amount of the aqueous dispersion ^S^^SSL\ exposed to aqueous solutions, 
release of said therapeutically active ^^^^jSXd^^i» dl *e therapeutical- 
e.g.gastnc fluid, is preferably apptod^ng^ ^ ^ Mr()phobic 

ly active agent, the manner of incorporation of the Pfizer. Thjs 

=sir--~5S^-~ — 

ag©^- MM , i#lft rtf «+hvirfl.iulose the coated substrate is preferably 

When the coating comprises an aqueous dispersion ^JJJ^J^^ of th e coating solution 
subjected to curing at a temperature greater ^'JoJSi?^ 100%. "« the curing endpoint is 

S2»^^ 1 ° 0% " 8 *" P " M fr ° m 

^™:m b rents of the present invention dir^d to ^^fi^gS 
obtained by subjecting the coated substrate for the particuiar 

acrylic polymer for the required time period, the *2™*5n^3i present invention, the stabilized 
formulation being determined "P 8 ™ 6 "*^^^ 45'C for a time period from 

product is obtained via an oven cunng conducted at a temperature aoo 

about 24 to about 48 hours or longer sustained-release formulation of the present 

solubility characteristics of the materials selected. inorganic, and include 

The release-modifying agents ^^^^T e c ^ n a^^the environment of use. The pore- 
materials that can be dissolved, extracted «»"^J* \ f^S** m ethylce..u.ose. 

as starch and gums. „ Mant invention can also include materials useful for making 

^rbonic acid in which carbonate groups reoccur in the polymer chain 

least ona passaoaway. onto. «•»""•, ^/^TOW* and 4.088.864 (all ol which are hereby 

ess ^JSsMSiS Tirr— - - «* — • 

elliptical, irregular, etc. invenljon utilize a muftiparticulate 

a, (an, WS*. Wv *** <" ,ce 7' "t!l? n 5 S »T™^W 01 these Ion 0 chain 
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For example, a suitable matrix may be one which comprises at least one water soluble hydroxyalkyl 
cellulose, at least one C„-Cw. preferably Cu-C». aliphatic alcohol and. optionally at least one polyal- 
kylene glycol. The at least one hydroxyalkyl cellulose Is preferably a hydroxy (C, to C.) alky cellulose, 
such as hydroxypropylcellulose. hydroxypropylmethylcellulose and. especially, hydroxyethyl cellulose. The 
amount of the at least one hydroxyalkyl cellulose in the present oral dosage form will be determined, .nter 
alia by the precise rate of opioid release required. The at least one aliphatic alcohol may be. for example, 
lauryl alcohol, myristyt alcohol or stearyl alcohol. In certain preferred embodiments, the at least one 
aliphatic alcohol is cetyl alcohol or cetostearyl alcohol. The amount of the at least one aliphatic alcohol in 
the present oral dosage form will be determined, as above, by the precise rate of opioid release required. It 
will also depend on whether at least one polyalkylene glycol is present in or absent from the oral dosage 
form In the absence of at least one polyalkylene glycol, the oral dosage form preferably contains between 
20%" and 50% (by wt) of the at least one aliphatic alcohol. When at least one polyalkylene glycol is present 
in the oral dosage form, then the combined weight of the at least one aliphatic alcohol and the at least one 
polyalkylene glycol preferably constitutes between 20% and 50% (by wt) of the total dosage. 

In one embodiment, the ratio of, e.g.. at least one hydroxyalkyl cellulose or acrylic res,n to at least one 
aliphatic alcohol/ polyalkylene glycol determines, to a considerable extent, the release rate of the i opioid 
from the formulation. A ratio of the at least one hydroxyalkyl cellulose to at least one - ataphat, c alcohol 
polyalkylene glycol of between 1:2 and 1:4 is preferred, with a ratio of between 1:3 and 1.4 being 

P ^tea^ne Salkylene glycol may be. for example, polypropylene glycol or. preferably, po^ethylene 
glycol. The number average molecular weight of the at least one polyalkylene glycol is preferred between 
1000 and 15000 especially between 1500 and 12000. 

Another suitable sustained-release matrix would comprise an alkylcellulose (especally ethyl cellulose), 
a C,2 to C 36 aliphatic alcohol and, optionally, a polyalkylene glycol. 

in addition to the above Ingredients, a sustained-release matrix may also contain suitable quanW.es of 
other materials. e.g.. diluents, lubricants, binders, granulating aids, colorants, flavorants and glidants that are 
conventional in the pharmaceutical art. 

In order to facilitate the preparation of a solid, sustained-release oral dosage form according to this 
invention there is provided, in a further aspect of the present invention, a process for the preparation of a 
solid, sustained-release oral dosage form according to the present invention compnsmg '"costing 
opioids or a salt thereof in a sustained-release matrix. Incorporation in the matnx may be effected, for 

T) forming granules comprising at least one water soluble hydroxyalkyl cellulose and opioid or an opioid 

(b) mixing the hydroxyalkyl cellulose containing granules with at least one C, 2 -C 3t aliphatic alcohol, and 
c optionally, compressing and shaping the granules. Preferably the granules a'e^d by wet 
granulating the hydroxyalkyl cellulose/oploid with water. In a parhcular y preferred embochmen^ of jhis 
process, the amount of water added during the wet granulation step Is preferably between 1.5 and 5 
times, especially between 1.75 and 3.5 times, the dry weight of the opioid. 
In yet other alternative embodiments, a spheronizing agent, together with the active ingredient car. be 
spheronized to form spheroids. Microcrystalline cellulose is preferred. A suitable rn.crocrystall.ne ceHulose 
for example, the material sold as Avicel PH 101 (Trade Mark. FMC Corporate). In such embodiments 
in addition to the active ingredient and spheronizing agent, the spheroids may a so contain . b.nder 
Suitabte binders, such as low viscosity, water soluble polymers, will be well known to those sk led n the 
pharmaceutical art. However, water soluble hydroxy lower alkyl cellulose, such as hydroxy propyl cellulose, 
are preferred. Additionally (or alternatively) the spheroids may contain a water Insoluble polymer, especally 
an acrylic polymer, an acrylic copolymer, such as a methacrylic acid^thyl acrylate copolymer, or ethyl 
cellulose. In such embodiments, the sustained-release coating will general y Include a water insoluble 
material such as (a) a wax, either alone or in admixture with a fatty alcohol: or (b) shellac or zeln. 

The substrates of the present invention may also be prepared via a melt P ellitizat.on techmque. In such 
circumstance, the opioid in finely divided form is combined with a binder (also In part cu late ^°^d oj^ 
optional inert ingredients, and thereafter the mixture is pelletized. e.g.. by mec an.cally 
in a high shear mixer to form the pellets (granules, spheres). Thereafter, the pellets (granules, sphe es) may 
be sieved in order to obtain pellets of the requisite size. The binder material .s preferably .n particulate form 
and has a melting point above about 40' C. Suitable binder substances Include for example hydrogenated 
castor oil. hydrogenated vegetable oil. other hydrogenated fats, fatty alcohols, fatty acid esters, fatty acid 
glycerides, and the like. 
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,„ C6rt *n embodiments of the present ^^^^^ilSS 
form is included in the unit dose «^^^J^^^S^L to maximum concentration 
form of the opioid is included in an ^J^^^jELl to a time of, e.g.. from about 2 to 
o, the opioid in the blood (e.g.. plasma). ^^J™ an early peak rather than the substantially 
about 4 hours. This causes the "«*™™ZZ ™M Z^JumS* discovered that by including 
flattened curves currently recommended by ^^^^J^ „. experience of relatively higher 
such an effective amount of h»Ua release opl d hn *££^ m ef JJ ive amount of the opioid in 
,eve.s of pain In patients Is ^' f,cw ^ invention. For example, where 

immediate release form may be ^.^^/.JbW release coating, the immediate 
the extended release opioid from the formulafo n .s due to conn ^ ^ 

release layer would be overcoated on top o ^^^ f ° ^ 

immediate release layer may be coated onto ^ ,h « , eteaS e substrates comprising an effective 

a controlled re.ease matrix. Where \W«*ZZ£££Z» ^mediate release portion of the 
unit dose of the opioid are Incorporated '^*J»JJ of suffic ient amount of immediate 

rrrrcr— * * *• uni ' *~ Such 

nFT.ILH) MSCM" "" ™ PREFE HRgD EMBODIMENTS 

« Wo*, — various aspocts of tho pros.,, iovo*n. Thoy «. n« bo M 

to limit the claims in any manner whatsoever. 

EXAMPLE 1 

gained-Release R»*ds With Ethylcellulose Coating 

,„ Example 1 morphine suffate susta.ned-re.ease beads with a 5% w/w sustained-release of ethylce.- 
, u ,o were prepared. InCuding 3% of HPMC as ■ »«2?^S > SS' techn^ue. The formula of the 

TABLE 1 



35 



40 



AS 



Inaredient 


Amt/Unit (mg) 


Percent (%) 


Morphine Sulfate Powder 
Lactose Hydrous Impalpable 
PVP 

Sugar Beads 18/20 
Purified Water 
Opadryfc Red YS-1-1841 
Total 


30 mg 
42.5 mg 
2.5 mg 
1 25 mg 
qs 

10.5 mg 
210,5 mg 


14.3% 
20.2% 
1 .2% 
59.4% 

4.9% 
100.0% 



m» b— — «- «"rr * ' ~— ^ ,0,m "* tor 

M suslamod-roloaso coaling Is sot tor* imablo 2 Mto* 
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TABLE 2 



Ingredient 


Amt/Unit (mg) 


Percent (%) 


Morphine Sulfate Base Beads 


210.5 mg 


89.7% 


Aquacoat ECD 30 (solids) 


10.2 mg 


4.3% 


Methocel E5 Premium 


0.3 mg 


0.1% 


Triethyi Citrate 


2.1 mg 


0.9% 


Purified Water 


.qs 




OpadryG Red YS-1-1841 


11.7 mg 


5.0% 


Purified Water 


qs 




Total 


234.8 mg 


100.0% 
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The sustained-release coating was manufactured as follows: 

The pore former Methocel E5 Premium (HPMC). is dispersed and dissolved in purified water to yield a 
2% w/w solution. An Aquacoat dispersion is plasticized with triethyi citrate for approximately 30 minutes. 
After 30 minutes the HPMC dispersion is mixed into the plasticized Aquacoat dispersion, and blended for 
an additional 15-30 minutes. A load of the morphine sulfate beads is charged into a Uniglatt Wurster Insert 
equipped with a 1.2 mm fluid nozzle. The beads are then filmcoated with the Aquacoat/HPMC dispersion (in 
a ratio of 93:7) to a weight gain of 5%. 

After completion of the coating process, the coated beads are taken from the Wurster Insert to a tray 
and then cured in a chamber at a temperature of 60' C and humidity of 80% RH for 72 hours. Upon 
completion of the curing process, the beads are dried to a LOD of 4% or less. The beads are then given a 
final overcoating of Opadry® Red YS-1-1841 (15% w/w solution) with the use of the Wurster Insert. The 
coated morphine sulfate beads are then filled into hard gelatin capsules. 

Dissolution testing were conducted on the finished products via USP Apparatus ll-(Paddle Method). The 
capsules were placed into 700 ml of simulated gastric fluid (without enzymes) for the first hour at 100 rpm 
and 37- C. and then placed into 900 ml of simulated gastric fluid (without enzymes) after the first hour. The 
results are set forth in Table 3 below: 

TABLE 3 



35 



40 



Time 


Percent Morphine Sulfate Dissolved 


1 hour 


18.4% 


2 hours 


28.4% 


4 hours 


46.7% 


8 hours 


73.1% 


12 hours 


86.0% 


18 hours 


95.0% 


24 hours 


99.0% 



45 



The dissolution testing as set forth in Table 3 indicates that 100% of the morphine sulfate dissolved 
after 12 hours. 



50 



EXAMPLE 2 

Sustained-Release Beads Witt) Acrylic Polymer Coating 

In example 2. morphine sulfate sustained-release beads with a 5% w/w sustained-release Eudragit RS 

were prepared, including a 10% immediate release morphine sulfate overcoat- 
Morphine sulfate beads are first manufactured using a rotor processing technique. The formula of the 

morphine sulfate bead to which the sustained-release coating is applied is set forth in Table 4 below: 



55 
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TABLE 4 



ro 



Ingredient 


Amt/Unit (mg) 


Percent (%) 


Morphine Sulfate Powder 
Lactose Hydrous Impalpable 
PVP 

Sugar Beads 18/20 
Purified Water 
Opadry Red YS-1-1841 
Total 


30 mg 
42.5 mg 
2.5 mg 
125 mg 
qs mg 
10.5 mg 
210.5 mg 


14.3% 
20.2% 
1.2% 
59.4% 

4.9% 
100.0% 



75 



A sustained-release coating was then applied to the morphine sulfate beads: The formula for the 
functional coating is set forth in Table 5 below: 

TABLES 



20 



25 



30 



Ingredient 


Amt/Unit (mg) 


Percent (%) 


Morphine Base Beads 


189.45 mg 


867% 


Retardant Coating 


Eudragit RS 30D 
Triethyl Citrate 
Talc 

Purified Water 


9.5 mg 
1 .9 mg 
3.8 mg 

qs 


4.3% 
0.9% 
1.7% 


Overcoat 


Morphine Sulfate Powder 
Opadry Red YS-1-1841 
Purified Water 
Total 


3.0 mg 
10.8 mg 
qs 

218.45 mg 


1.4% 
5.0% 

100.0% 



35 



40 



45 



The sustained-release coating is manufactured as follows: . „„ • . * i«,„i 

™e tSSw 30D is plasticlzed with triethyl citrate and talc for approximately 30 mtnutes. A load of 
.h. momwne sulfate beads is charged into a Wurster Insert of a Glatt equipped with a 1.2 mm spray nozzle 
and^Cd * ^ felted to a" weight ga.n o. 5%. The fina. protective Opadry dispersion overcoat is then 
applied inte Wurs^ Insert. Upon common the beads are cured for two days in a dry oven of 45 C. 

^^JSt^rr^ apparatus „ (Padd* Method^ 

Th« caSutrwere pLed into 700 ml of simulated gastric fluid (without enzymes) for the first hour at 100 
Z 37 • C Lten Piaced into 900 ml of simulated gastric fluid (without enzymes , a«* the M .hour. 
SI result of the percent of morphine sulfate dissolved in relation to t,me. are set forth m Table 6 below. 

TABLE 6 



50 



55 



Time 


Percent Morphine Sulfate Dissolved 


1 hour 


11.9% 


2 hours 


15.4% 


4 hours 


28.1% 


8 hours 


58.3% 


12 hours 


79.2% 


18 hours 


92.0% 


24 hours 


96.6% 
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The dissolution testing as set forth in Table 6 indicates that 96.6% of the morphine sulfate dissolved 
after 24 hours. 

EXAMPLE 3 

5 

High Load Sustained-Release Beads With Acrylic Polymer Coating 

In certain circumstances, patients require higher doses of morphine sulfate. However, if the low load 
beads of Examples 1 and 2 were filled to a weight equivalent to 60 mg or more, the capsules would be 
w relatively large, and difficult to swallow. Therefore, In Example 3, beads with a higher loading of morphine 
sulfate were produced with the use of the powder layering technique in the Glatt Rotor Processor. The 
formulation of the high load beads, as well as a comparison of the high load beads with the low load beads 
of Examples 1 and 2. are set forth in Table 7 below. 

, 5 TABLE 7 



Ingredient 


High Load Bead mg/unit 


Percent (%) 


Low Load Bead 


Percent (%) 






(Examples 1 & 2 ) mg/unit 




Morphine Sulfate Powder 


30.0 mg 


63.3% 


30.0 mg 


14.3% 


Lactose 


6.0 mg 


12.7% 


42.5 mg 


20.2% 


Povidone C-30 


1 .25 mg 


2.6% 


2.5 mg 


1.2% 


Sugar Beads 


7.75 mg 


16.4% 


125.0 mg 


59.4% 


Opadry 


2.37 mg 


5.0% 


10.5 mg 


4.9% 


Purified Water 


qs 




qs 




Total 


47.37 mg 


100.0% 


210.5 mg 


100.0% 



Since high load beads of Example 3 are different from the low load beads of Examples 1 and 2, the 
sustained-release coating a different acrylic polymer (i.e., Eudragit® RL, which is more soluble than 
30 Eudragit* RS) is utilized, as well as extra HPMC protective coat between the Eudragit layer and the 
morphine immediate release layer to further enhance stability. The formula of the sustained-release coating 
of Example 3 is set forth in Table 8 below: 

TABLE 8 

35 



Ingredient 


Amt/Unit (mg) 


Percent (%) 


Morphine (high load) base beads 


42.63 mg 


78.8% 


Retardant Coating 


Eudragit RS 30D 


2.1 mg 


3.9% 


Eudragit RL 30D 


0.05 mg 


0.1% 


Triethyl Citrate 


0.45 mg 


0.8% 


Talc 


0.85 mg 


1 .6% 


Overcoatings 


Opadry Blue YS-1-10542A 


2.45 mg 


4.5% 


Purified Water 


qs 




Morphine Sulfate Powder 


3.0 mg 


5.5% 


Opadry Blue YS-1-10542A 


2.55 mg 


4.8% 


Purified Water 


qs 




Total 


54.08 mg 


100.0% 



The sustained-release and the immediate release coatings were applied in the manner described in 
Example 2. The cured beads were then filled into gelating capsules at a strength of 30 mg. 

The capsules were then subjected to dissolution testing applying the method described in Example 1 . 
The results of dissolution testing Is set forth in Table 9 below: 
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TABLE 9 



to 



Time 


Percent Morphine Sulfate Dissolved 


1 hour 


11.7% 


2 hours 


12.1% 


4 hours 


22.0% 


8 hours 


45.3% 


12 hours 


63.7% 


18 hours 


81.8% 


24 hours 


92.5% 



IS 



20 



The dissolution testing as set forth in Table 9 indicates that 92.5% of the morphine sulfate dissolved 
after 24 hours. 

EXAMPLE 4 

Sustained-Release Tablets 

Controlled release morphine sulfate tablets were developed with an in-vitro dissolution profile that would 
be suitable for once-a-day administration. The formula of the morphine sulfate tablets is set forth ,n Table 
10 below. 

TABLE 10 



25 



30 



35 



Ingredient 


Amt/Unit (mg) 


Percent (%) 


Morphine Sulfate 

Lactose 

Povidone 

Eudragit RS 30D (solids) 
Triacetin 

Cetostearyl alcohol 
Talc 

Magnesium stearate 
Total 


60.0 mg 

36.1 mg 
6.0 mg 

12.0 mg 

1.4 mg 
30.0 mg 

3.0 mg 

1.5 mg 
150.0 mg 


40.0% 

24.1% 
4.0% 
8.0% 
0.9% 

20.0% 
2.0% 
1.0% 

100.0% 



40 



45 



These tablets are manufactured in the following manner: , t „. -m^ 

The morphine sulfate, lactose and povidone were added and mixed in flu.d bed granulator. The 
triacetin. a plasticizer was mixed into the Eudragit RS 30D dispersion for about 30 minutes, and then was 
sprayed onto the powders using a 1.2 mm nozzle in the fluid bed. Once the spraymg .s completed, the 
granulate is screened. The cetostearyl alcohol is then melted and mixed into the granulation m a standard 
mixing bowl. The granulate Is then cooled, screened and lubricated with talc and magnesium stearate. 
Tablets were then compressed at a weight of 150 mg. . 

Dissolution testing of these morphine sulfate tablets was then conducted using the mettod described in 
Example 1. The results of the dissolution testing of these tablets is set forth in Table 1 1 below: 



50 
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TABLE 11 



70 



75 



20 



Time 


Percent Morphine Sulfate Dissolved 


1 hour 


20.9% 


2 hours 


29.3% 


4 hours 


40.8% 


8 hours 


59.9% 


12 hours 


69.7% 


18 hours 


82.9% 


24 hours 


90.5% 



The results of dissolution of the morphine sulfate tablets as set forth in Table 11 shows that 90.5% of 
the morohine sulfate dissolved in 24 hours. 

ExamX 1 2. 3 and 4 were plotted on a dissolution graph (see Fig. 1) and .t can be observed that the 
dissoluton o? toe morphine sulfate tablets of Example 4 are approximately the same as the three bead 
^ZrZT TheTelease rate of the tablets of Example 4 lies with the dissolution of the bead products 
£Ss ?3). ^ete purposes, the dilution of MS Contin* 30 mg and 60 mg table* > were afco 
Sotted on Fig 1. MS Contin» tablets are well known morphine sustained-release tablets that are 
commercially available from the Purdue Frederick Company for twlce-a-day administrate. 



25 



30 



EXAMPLE S 

IN-VIVO BIOAVAILABILITY STUDIES 

The bead products of Examples 1. 2 and 3 were then studied in separate human bioavailability studies 
at . WrtM mo. Each study also used a 30 mg strength MS Contin* as a reference m a cross-ove 
dUT^ e^ tablet of Example 4 was compared to MS Contin* 60 mg as a reference in a cross-over 
S 'tTo resufts o, all four bioavailability studies are set forth in Tables 12-15 below. In Table 1* ft. «■ 
% Treats of Example 4 are set forth with the results adjusted to a 30 mg strength. of Jab.es 2- 

?6 C m „ is expressed in ng/ml; T™, is expressed in hours; W 50 represents the peak w,dth at half he.ght m 
hours; and AUC represents the area under the curve (0 to infinity), expressed ,n ng-hr/ml. 

TABLE 12 



95 
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Beads - Example 1 










Tmax 


W50 


AUC 


% Bioavail. 


MS Contin« 30 mg Tablets 
Experimental Bead Formulation 


13 

5.9 


2.3 
5.6 


5 

11.5 


103 
101 


(100) 
98 



TABLE 13 

45 



Beads - Example 2 








Tmax 


W50 


AUC 


% Bioavail. 


MS Contin® 30 mg Tablets 
Experimental Bead Formulation 


13 
5.4 


2,2 
5.9 


5 
17 


99 
107 


(100) 
108 
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TABLE 14 



Beads - Example 3 




Cmax 


T ma * 


W50 


AUG 


% Bioavail. 


MS Contin® 30 mg Tablets 


11.8 


2.8 


5 


114 


(100) . 


Experimental Bead Formulation 


3.8 


10.1 


47 


125 


110 



TABLE 15 



Tablets - Example 4 




Cmax 


Tmax 


W50 


AUC 


% Bioavail. 


MS Contin® 60 mg Tablets 


18.2 


2.7 


5.56 


195.6 


(100) 


Experimental Tablet Formulation 


8.8 


3.2 


13.19 


129.5 


66 



TABLE 16 



Example 4 - Adjusted to 30 mg Strength 






Tmax 


W50 


AUG 


% Bioavail. 


MS ContinG 

Experimental Tablet Formulation 


9.1 
4.4 


2.7 
3.2 


5.56 
13.19 


97.8 
64.8 


(100) 
66 



From the bioavailability studies, it can be observed that all three of the bead products of Examples 1, 2 
and 3 exhibit pharmacokinetic properties which would allow them to be suitable for once-a-day administra- 
tion. !n other words, the bead products of Examples 1-3 were all bioavailable (as determined by comparing 
the AUC of the bead product to the AUC of the reference standard, MS Contin®). However, the tablet 
products of Example 4 were surprisingly not bioavailable despite the reduction of the peak plasma 
concentration (C^ and the lengthening of the time to reach peak plasma concentration (T^ and W-50 
and even though the dissolution studies show that the morphine sulfate was released from the tablet 
products in-vitro over the same time period as the bead products. 

Therefore, it is surprising result that a bioavailable once-a-day product was only produced when the 
sustained release opioid was formulation as a multiparticulate system (in this instance beads) as opposed to 
the sustained release tablet formulation, which from all other indications would have been expected to have 
substantially identical bioavailability* 

Ttie examples provided above are not meant to be exclusive. Many other variations of the present 
invention would be obvious to those skilled in the art, and are contemplated to be within the scope of the 
appended claims. 

Claims 

1. A sustained-release oral analgesic dosage form for once-a-day administration, comprising: 

a unit dose of a plurality of inert pharmaceutical^ acceptable substrates comprising an anal- 
gesically effective amount of an opioid analgesic or a salt thereof in sustained release form, each of 
said substrates having a diameter from about 0.1 mm to about 3 mm, said unit dose being bioavailable 
and providing effective blood levels of said opioid analgesic for at least about 24 hours. 

2. The dosage form of claim 1, wherein said substrates are selected from the group consisting of 
spheroids, beads, microspheres, seeds, pellets, ion-exchange resin beads, granules, and mixtures 
thereof. 

a The dosage form of claim 2, wherein said substrates are inert beads coated with said opioid analgesic. 
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4. The dosage form of claim 2, wherein said substrates comprise matrices of a substantially uniform 
mixture of said opioid analgesic and a hydrophobic material. 

5. The dosage form of claims 1 - 4 which provides a peak plasma level of said opioid in-vivo from about 2 
to about 10 hours after administration. 

6. The dosage form of claims 1 - 4 which provides a peak plasma level of said opioid in-vivo from about 2 
to about 4 hours after administration. 

7. The dosage form of claims 1 - 6, wherein each of said substrates having a diameter from about 0.5 mm 
to about 2 mm. 

a The dosage form of claim 3, wherein each of said beads is from about a 8 mesh bead to about 50 
mesh bead. 

9. The dosage form of claim 1. further comprising release-modifying agents, said release-modifying 
agents comprising one or more hydrophilic polymers such as hydroxypropylmethylcellulose. 

10. A bioavailable sustained-release opioid analgesic dosage form for once-a-day oral administration, 
comprising 

inert pharmaceutical^ acceptable beads having a diameter from about 0.1 mm to about 3 mm 
coated with an analgesicaiiy effective amount of an opioid analgesic or a salt thereof, said beads further 
comprising an sustained-release overcoat comprising an effective amount of a hydrophobic material 
selected from the group consisting of an acrylic polymer, an alkylcellulose, shellac, zein, hydrogenated 
vegetable oil. hydrogenated castor oil, and mixtures of any of the foregoing to provide a sustained 
release of said opioid analgesic in aqueous solutions for at least about 24 hours. 

11. The dosage form of claims 1 - 10, wherein said opioid analgesic consists of from about 2 mg to about 
64 mg hydromorphone. 

12. The dosage form of claims 1-11, wherein said opioid analgesic consists of from about 5 mg to about 
800 mg morphine. 

13. The dosage form of claims 1-11, wherein said opioid analgesic consists of from about 5 mg to about 
400 mg oxycodone. 

14. The dosage form of claims 1-11 which provides a peak plasma level of said opioid in-vivo from about 
3 to about 10 hours after administration. 

15. The dosage form of claims 1 - 14, wherein said unit dose of said beads are contained within a hard 
gelatin capsule. 

16- The dosage form of claims 1-15, wherein said opioid analgesic is selected form the group consisting 
of morphine, codeine, hydromorphone, hydrocodone, oxycodone, oxymorphone, dihydrocodeine, 
dihydromorphine, and mixtures thereof. 

17. The dosage form of claims 1-15, wherein said opioid analgesic is selected from the group consisting 
of alfentanil, allylprodine, alphaprodine, anileridine. benzylmorphine, bezitramide, buprenorphine, butor- 
phanoi, clonitazene, codeine, cyclazocine, desomorphine, dextromoramide, dezocine, diampromide, 
dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene, dioxaphetyl 
butyrate, dipipanone, eptazocine, ethoheptazine, ethylmethylthiambutene, ethylmorphine, etonitazene 
fentanyl, heroin, hydrocodone, hydromorphone, hydroxypethidine, isomethadone, ketobemidonei leval- 
lorphan, levorphanol, levophenacyl morphan, lofentanil, meperidine, meptazinol, metazocine, 
methadone, metopon, morphine, myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol, nor- 
methadone, nalorphine, normorphine, norpipanone, opium, oxycodone, oxymorphone, papaveretum, 
pentazocine, phenadoxone, phenomorphan, phenazocine, phenoperidine, piminodine, piritramide, pro- 
pheptazine. promedol, properidine. propiram, propoxyphene, sufentanil, tilidlne, salts thereof and 
mixtures thereof. 
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IB. The dosage form of claims 1 - 17, which further comprises a non-steroidal ant.-inflammatory agent 
selected from the group consisting of ibuprofen. diclofenac, naproxen, benoxaprofen. flurbiprofen, 
fenoprofen, flubufen. ketoprofen. indoprofen. piroprofen. carprofen. oxaprozin. pramoprofen. 
muroprofen. trioxaprofen. suprofen. aminoprofen. tiaprofenic acid, fluprofen, bucloxtc acid, in- 
domethacin. sulindac. tolmetin. zomepirac. tiopinac. zidometacin. acemetacin. fentiazac. clidanac, 
oxpinac. mefenamic acid, meclofenamic acid, flufenamic acid, niflumic acid tolfenamic acid, diflurisal. 
flufenisal, piroxicam. sudoxicam or isoxicam, and mixtures of any of the foregoing. 

19 The dosage form of claims 1 - 18. wherein said hydrophobic material is selected from the group 
consisting of an acrylic polymer, an alkylcellulose. shellac, zein. hydroganated vegetable oil. hydroge- 
nated castor oil. and mixtures of any of the foregoing. 

20. The dosage form of claims 1- 18. wherein said hydrophobic material is applied to said plurality of said 
substrates as an aqueous dispersion. 

21 A method for obtaining a bioavailable sustained-release opioid analgesic dosage form for once-a-day 
' oral administration, comprising preparing a plurality of substrates comprising a unit dose of an oral 

analgesic in a sustained release form, each of said substrates having a diameter from about 0.1 mm to 
about 3 mm. said substrates being manufactured to provide an in-vitro dissolution indicative of a once- 
a-day product. 

22 A method of treating a patient for moderate to severe pain with a bioavailable sustained-release opioid 
' analgesic dosage form for once-a-day oral administration, comprising preparing a plurality of substrates 

comprising a unit dose of an opioid analgesic, each of said substrates having a diameter from about 0.1 
mm to about 3 mm. said substrates being manufactured in a sustained release form to provide 
therapeutically effective blood levels of said opioid analgesic for about 24 hours or more, and 
administering said unit dose to a patient to alleviate moderate to severe pain for about 24 hours or 



more. 



23. The method of claims 21 and 22. wherein said substrates are selected from the group consisting of 
spheroids beads, microspheres, seeds, pellets. Ion-exchange resin beads, granules, and mixtures 
thereof further comprising preparing said substrates by coating inert beads with said opioid analgesic, 
and thereafter overcoating with a hydrophobic material is selected from the group consisting of an 
acrylic polymer, an alkylcellulose. shellac, zein. hydrogenated vegetable oil. hydrogenated castor oil. 
and mixtures of any of the foregoing. 

24. The method of claims 21 - 22. further comprising preparing said substrates as matrices of a 
substantially uniform mixture of said opioid analgesic and a hydrophobic material. 

25 The method of claims 21 - 24. further comprising preparing said substrates such that said unit dose 
provides a peak plasma level of said opioid in-vivo from about 2 to about 10 hours after adrmn.strat.on. 

26. The method of claims 21 - 25. further comprising incorporating said unit dose of said substrates within 
a hard gelatin capsule. 
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